I. INTRODUCTION
A T present data from the hadronic Tile calorimeter [1] of the ATLAS experiment [2] are stored in pipeline buffers on the detector and only read out if the event is accepted by the fIrst level trigger. The higher Iwninosities from the planned accelerator upgrades will generate accumulated events that require more competent algorithms in the fIrst level trigger.
These algorithms will require more detailed information. The aim of the phase 2 upgrade (2022-23) of the Tile calorimeter is to digitally read out all detector information to the off-detector electronics in the counting room, USA-IS, with minimum latency, and to do this reliably by including sufficient redundancy and radiation tolerance. There is a detailed plan to develop the fInal scheme for the phase II upgrade R&D activities covering all electronic detector components and good progress is made following this plan. To evaluate the technical solutions, a hybrid system will be built, combining the upgraded drawer electronics with parts of the present readout so that it may seamlessly replace a present module in ATLAS. This experience will give valuable input for the fInal design of the upgraded on-and off-detector electronics.
II. A HYBRID READOUT SYSTEM
The Tile calorimeter is a cylindrical assembly of 4x64 wedges. The base of these wedges houses extractable drawers, "SuperDrawers", containing the on-detector electronics. Thus, there are totally 256 SuperDrawers -128 in the central barrel and 128 in extended barrels.
Each SuperDrawer can serve 48 PMTs, but only 45 are needed for the barrel and 32 for the extended barrel. In total we have close to 10000 PMT channels.
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A. The Present Readout System
Each PMT is read out by front-end, "3-in-l", boards [3] . In the present system groups of 6 3-in-l outputs are received, digitized and pipelined by one "Digitizer" board (Fig la) . The name 3-in-l alludes to the fact that the front-end boards, apart from reading out data, need to provide well defined charge injection pulses for calibration. A third function is to read out the PMT current caused by a calibration Cs-source that can be moved hydraulically from PMT to PMT for calibration. This is the "integrator" function. Light output from each calorimeter cell is read out independently by two PMTs, one on each side. The analog outputs from the calorimeter cells are also summed via special adder boards, in up to 9 trigger towers per drawer ( Fig. la and   b ). The analog tower sums are then sent via electrical cables to the counting room and the first level trigger.
B. The Upgraded Readout System
The upgraded system (Fig. 2a) requires high bandwidth bidirectional links to transfer all data off the detector. The down link is used to provide TTC information, i.e. clocks, confIgurations and commands. LlA is no longer needed since all data are read out, and neither are the analog trigger outputs.
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Since redundancy and fault containment are of utmost importance to achieve maximum reliability, the new drawer electronics will be split into four independent units operating in parallel.
The main components of an upgraded drawer are: 
On-detector
Off-detector 
C. The Hybrid Readout System
The new drawer design (Fig. 2b) can be made compatible with present system by retaining the analog summ ation circuitry and the trigger cables.
In this case, the sRODs will have to interpret and transfer the TTC information. They will also provide output data in a shape suitable for the present ROD processing as well as providing phase 2 trigger data for tests and evaluation (sLlCalo).
III. THE UPGRADED SYSTEM COMPONENTS
All on-and off-detector electronics must be replaced in the new system and most of it needs to be completely re-designed.
A. The Drawer mechanics
The present on-detector electronics are installed in "Superdrawers", each composed of two half-length "drawers" (see above).
The modularity of the upgraded on-detector electronics will allow half sized drawers, or "mini-drawers" (Fig. 3a) It is important to study the mini-drawer insertion and extraction. Tools for insertion and extraction have been developed and methods to prevent "zigzagging" during insertion as well as alignment precision have been studied.
Other issues being studied concern module services: e.g. the design of reliable cooling water connections.
B. Front-end Electronics
Three different front-end alternatives are being considered for the upgraded system.
A modifIed version of the current 3-in-l has been developed, still based on discrete components. It has proved suffIciently radiation hard, and will give improved precision compared to the present system. It will provide two signal ranges, high and low gain, with gain ratio of 64.
The FE-ASIC alternative will implement most of the functionality, including the ADCs, in an ASIC. This design will use three gain ranges.
The QIE, fInally, is a charge integrating ASIC, earlier versions of which have been successfully used at Fermilab experiments. It has also been selected for the CMS ECAL.
Here, one of four ranges is selected and digitized by a 6-bit ADC.
All front-end alternatives will also provide charge injection and integrator functions.
Since the modifIed 3-in-l most easily accommodates analog trigger readout it is the one chosen for the demonstrator project. However, the fmal front-end choice will be based on results from future test beam studies.
C. Readout Electronics
Since the demonstrator will use the modifIed 3-in-l the corresponding MainBoard [4] will contain 12-bit ADCs for the digitization (Fig.3b ). It will be designed as two independent symmetric parts -each part reading out all cells, one using the right side readout, the other the left side.
The MainBoard is connected via a 400 pin FMC-type connector to the DaughterBoard, which is responsible for control, data formatting and high speed communication.
The main functionality will be tested with a new DaughterBoard prototype that has been manufactured.
The DaughterBoard (Fig. 4) maintains the redundant separation into two independent parts. The processing logic is contained in two Kintex 7 FPGAs. Here it is important to verify that suffIcient radiation tolerance can be maintained.
The Clock, Trigger and Control are obtained using the GBT [5, 6] protocol on the down link. The higher luminosity will require larger divider currents to maintain PMT stability. For this purpose active dividers have been developed with active components in the last stages.
These have proven to be linear even at higher luminosities.
The old dividers had a non-linearity of about 1 % at 3 f.1A and about 2% at 7.5 f.1A while the new divider has about 1 % non linearity at 75 f.1A and only 1.6% at about 150 f.1A. However, the radiation sensitivity of active parts still needs to be verified.
E. LVPS
The new low voltage power supplies will use a three stage power scheme with 200V from the control room (USA-15) to local L VPS in the drawers. Boards receive down-regulated power at lOV, and Point Of Load (POL) regulators locally produce the required voltages. Diode coupling two independent 10V supplies will provide increased redundancy.
The aim is to use CERN developed rad-hard POL regulators when possible. However, 1 V and currents over 3A are still problematic at the time of writing .
F. Off-detector Electronics
As mentioned above, the upgraded off-detector readout electronics [7] (sRODs) will need to take care of processing the trigger data. This includes both pulse timing identification and energy estimation. This is now done in the first level trigger pre-processor. The sRODs will also include the level 1 pipeline memories (which were previously performed in the detector), the present ROD functionality, and detector control.
The sRODs will receive the detector information optically from the drawers, via either QSFP or ribbon fibers.
The Optical Link Card is a demonstrator for studying and 
